Interaction of aspartate and aspartate-derived antimetabolites with the enzymes of the threonine biosynthetic pathway of Escherichia coli.
The five enzymes responsible for the conversion of L-aspartate to L-threonine in Escherichia coli were purified to homogeneity and subsequently reconstituted in vitro in ratios approximating those found in vivo. 31P NMR was used to conveniently monitor the rates of consumption of the substrates ATP and NADPH, the accumulation of the intermediates beta-aspartyl phosphate and homoserine phosphate, and the formation of the products ADP, NADP+, and Pi in a single experiment. By this method, the flux of aspartic acid through the enzymes of the pathway was monitored in the absence and in the presence of several alternative substrates and inhibitors. Several known antimetabolites were found to be alternative substrates that ultimately became inhibitors of pathway flux. L-threo-3-Hydroxyaspartic acid was converted to 3-hydroxyhomoserine phosphate by the first four enzymes of the pathway. The antimetabolite L-threo-3-hydroxyhomoserine was found to bind to and inhibit aspartokinase-homoserine dehydrogenase I in a cooperative fashion (I 0.5 = 3 mM, nH = 2.5), similar to the action of the allosteric end product inhibitor L-threonine (I 0.5 = 0.36 mM, nH = 2.4). In the presence of the remaining enzymes of the pathway, however, L-threo-3-hydroxyhomoserine was phosphorylated to the apparent ultimate antimetabolite L-threo-3-hydroxyhomoserine phosphate that was a potent inhibitor of threonine synthase and consequently of L-threonine biosynthesis. When aspartic acid alone was examined as a substrate of the enzymes of the pathway, no accumulation of the beta-aspartyl phosphate and homoserine phosphate intermediates was observed. However, in the presence of either 5 mM L-threo-3-hydroxyhomoserine or 5 mM L-threo-3-hydroxyhomoserine phosphate, homoserine phosphate was found to accumulate. In contrast to the homoserine phosphate and 3-hydroxyhomoserine phosphate intermediates, both of which were very stable, the acylphosphate intermediates beta-aspartyl phosphate and beta-3-hydroxyaspartyl phosphate were highly susceptible to hydrolysis, with first-order rate constants of 4.6 X 10(-3) min-1 and 4.5 X 10(-2) min-1 (pH 7.8, 25 degrees C), respectively.